Sustained P450 expression and prodrug activation in bolus cyclophosphamide-treated cultured tumor cells. Impact of prodrug schedule on P450 gene-directed enzyme prodrug therapy.
Cytochrome P450-based gene therapy can substantially increase the sensitivity of tumor cells to P450-activated cancer chemotherapeutic prodrugs such as cyclophosphamide (CPA) without increasing host toxicity. While the role of 4-OH-CPA, the primary active metabolite of CPA, in eliciting tumor cell death is well established, the effect of 4-OH-CPA exposure on the capacity of P450-expressing tumor cells for continued metabolism and activation of CPA has not been investigated. The present study addresses this question and characterizes the impact of CPA dose and treatment schedule on the ability of P450-expressing tumor cells to sustain prodrug activation over time. 9L gliosarcoma cells expressing human P450 2B6 and treated with CPA in a continuous manner exhibited a time- and CPA dose-dependent decrease in P450-catalyzed CPA 4-hydroxylase activity. This decrease reflects a selective, 4-OH-CPA-induced loss of cellular P450 protein content. By contrast, when the P450-expressing tumor cells were treated with CPA as a single 8 hours exposure, cellular CPA 4-hydroxylase activity and P450 protein expression were substantially prolonged when compared to continuous prodrug treatment. This schedule-dependent effect of CPA was influenced by the level of P450 protein expressed in the tumor cells. At high P450 protein and activity levels, which could be achieved by culturing the tumor cells at high cell density, net production and release of 4-OH-CPA into the culture media was increased substantially. This increase fully offset the decline in CPA 4-hydroxylase activity as the tumor cells underwent CPA-induced apoptotic death. These findings demonstrate the impact of CPA dose and treatment schedule on the efficacy of P450 gene-directed enzyme prodrug therapy, with bolus CPA treatment being compatible with sustained expression of P450 protein and maintenance of P450-dependent prodrug activation by the target tumor tissue.